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PROBLEM TO BE SOLVED: To provide a multiplexer- 
demultiplexer correcting spherical aberration and color 
aberration, reducing weight and excellent in heat stability by 
providing an optical doublet correcting geometric and color 
aberration of an assembly. 

SOLUTION: A mirror 9 reflecting radiation received by it is 
connected to a doublet formed of two elements 10, 1 1 
related by an interface 1 2. Incident luminous flux formed by 
an input optical fiber 2, refracted by a diopter 8 so as to be 
on a center zone 1 3 of a dispersing element 6 and refracted 
by the doublet 10, 1 1 is reflected by the mirror 9 toward a 
peripheral zone 14 of the dispersing element 6, and the 
dispersed luminous flux is reflected again by the mirror 9 
and connected to output fibers 3, 4 according to the 
wavelength. In this case, the bending radius and refractive 
index of the doublet 10. 1 1 are so set that the latter can 
correct the geometric and color aberration of an assembly. 
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[ ^^Miis m m m ] 

1 . T I tie of I nventi on 

Optical fiber wavelength multiplexer-damulttploxer 

2, Claims 

1. An oplical fiber wavelength mulliplexor-cfGmiJlfiploxBr or rniAer 
comprising a disperging system (6) and a reflecting systsim (9) having a 
focus, whereas the extremitiGS of the input (2) and output (3) fibers are 
located in the vicinity of the said focus, 

characterized in that it comprises an oplical doublet (10-12) 
correcsting the geometrical and chromatic aben-atfone of iho assembi/. 

2. A multiplexei -demultiplexer or router accordfng to claim 1, 
characterized in that the doubtel (10-12) Is fn direct contact wilh the 
roflecling oplical system (9). 

3. A muUlplexBT-denitjMipiexer or rouler according to claim 2» 
characterized In that the doublet {10-12) operates In the vicinity of the 
Young points of fta inpuf face (16). 

4. A multiplexer-demultiplexer or router according to any of the 
clarme 1 to 3, characterized In that the dispersing system is a network (G). 

5. A multlplgxer-demullpnlexer or router according to any of the 
claims 1 lo 4, characterised in that the reflecting optical system is a 
concave mirror (9). 

6. A multiplexer "demuittplexor or routor according to any of the 
claims 1 to 5, characterized in that the optical doublet Is a doublet 
ocmprising two lenses (10, 11), the second of kvhich (11) has a refledtng 
convex external face (9). 

7. A muHpiexer-demulllplexer or router according to claim 6, 
characterized in that the first lans (10) Is made of a glass known under the 
reference PSKS^ and the second lens (11) la made of a glass l<nown 
under the reference BaF52. 

8. A rnutiplexer-demultiplexer or router according to claim 7, 
chgracterfzed in that Ihe second lens (1 1) has a center thickness equal to 
7.65 mm and curves of its exfernat face (9), and of an internal face (12) 
opposed to said external face (9) which ^re respoctively equal to 401 .66 
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mm and to 748.90 mm, in that the first lens [10) has a curve of its face 
(16) oppos3d to the second lens (11) which is equal ar3 217.77 mm, and 
In that the external face (9) of the second lens [11) and the dispersfng 
syetem [6} are 271.1 mm apart. 

9. A multiplexer-demultiplexer or router according to any of the 
claims 1 to 3, characterized In that the reflecting system Is plane. 

10. A mutiplexer-demultiplexer or router according to any of claims 
1 to 9, characterized in that the dispeising system (6), on one hand, and 
the reflecting system (9), and the doifciet (10-12), on the other hand, are 
assembled by means of a material with a low expansic»i coefficient. 
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3, Dotailed Descr Ipt ion of Invention 

This invention relates an optical fiber wavelonglh mulliploxer- 
demiltiplsxer or router, liable to be used as a componenJ in optical fiber 
telelransmisslon installalions. 

Such multlptGxers-demullipiexers are already known; they have 
5 been described, then gradually Improved, ospeclally in the French patents 
FR-2.543.768. FR-2.519.148. FR-2.479.98l, FR-2.496.260 and in Ihe 
European patent EP-0.l9e.9B3. 

Tho latter documanl relates more particularly to a mulliplexer- 
demultiplexei in which the input and output frtjers are positioned at the 
10 fmmedlale viclnfly of iho focus of a ccMicave miiror. Tnus, the divvying 
light fluxes recaived from the input fibers are transformed by the concave 
mirror Into parallel light beams whfch are addressed to a plane diffraction 
nelworkf which directs the parallel beams back to the corKJave mirror and 
focuses them onto the extremltiGS of the output fibers. 
15 We have sought to reduce the aberrations and, in particular, the 

spherical aberrations of such a systom and H is thus that such a 
multiplexer-demtiitiplexer has bean suggested, cximprrsing a fiber-holder 
element, an element carrying the dirfracHcn network, an Inlormediale 
eloment and a spherical mirror element. TTie fjber-hotder element puts the 
20 Bxtrimitles of the fibers In contact with the element rsrryfng Ihe diffraction 
network, the intermediate element which is in contact with the diffraction 
network and has the same optical tndex as Ihe element which carries it, is 
terminated by a spherical face which \n in contact with tho mirror. 

This device has proven satisfactory, has enabled and still enables 
25 numerous embodiments. 

Howevsr, fn certain particular applications, this componGnt has 
appeared rogrettably relatively heavy, as well as Its thermal instability^ 
produced by the index variation of the different olemenls of which it 
consists, in relation to temperature. 
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Ti^ aim of this invention is to remBdy those shortcomings and 
hence to offer a muitiplsxer-demultiplexsr oxhibifing the same advantsges 
B2 that inlrodurad -^hovB, with the adcBlfonal corrections made to 
spherical and chromatic aberrations, but with reduced weight and, 
3 moreover, good thermal stability. 

The invention thus relates to an optical fibar wavDlength 
multipfexer-demultipbxer comprising h dispersing system and a reflecting 
system fitted with a focus. The extremities of lh3 Input and output fib^r^ 
are located close to tho focus. 
JO While determining the number of input fibers, of output fibers and 

the dispersing system, a router can also be produced 

According to the invention, thi^ multiplexer-demulliplexer comprises 
an optical doublet for correction of the spherical and chromatic 
aberrations of the assGmbly. 
15 Thus, a vast portion of the ^pace between ths dispersing system 

and the reflecting system is occupied by air, a gas or vacuum. 

The doublet is coupled at the same time to the dispersing system 
and to the reflecting system, so that a b3am emitted by an input filaer 
crosses several times the doublet. The doublet tfius allows successively 
20 acting on sucri a beam during Its r3p3at3d passages in such a way that 
the boam resulting from all the passages through the doublet is norrectad 
from Its geometrical and chromatic aberrations. 

in relation to the previous device, which does not contain any 
element betwGGn ths dllTractlon network and the mliror, good oorroction of 
25 the spherical aberrations aiid of the chromatic aberrations can be 
obtained, which improves significantly the performarices of the 
mult]pl3xer-demultiplexer. 

In relation to the other previous device, in which an Intermediate 
optical block links Ihe diffraction network to the spherical mirror, the 
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dovice of tho invention enables to obtain significant weight reduction of 
trie multiplexer-demultlplexsr . 

i\rtoreover, the invention deviL;e anables to obtain such a 
rT»ulllpfexer-demuItiplexer exhibiting significantly fmproved thdrmal 
5 stability. 

According to difTerent preferred embodiments each exhibiting their 
particular advantages : 

- the doublet is in direct contact with the reflecting optical system, 

- the doublet operates tn the vicinity of th9 Young points (stili 
10 known undor the name of Weferstrass points) of its frput face, 

- the dispersing system is a network, 

- frie reflecting optical system is a concave mirror, 

- the optical doublet is a doublet comprising two lenses whose 
second lens has a reflecting convox axternal face, 

15 - ftie first lens fs mads of a giess known under tho reference PSK3 

and the second lens is made of a glas;^ known under the reference 
BaF52. 

- the second lens has a center tNckness equal to 7.66 mm and 
curves of its external face and of an internal face opposed to that exf srnal 

20 fac^. which are respectively equal to 401,56 mm and to 748.90 mm, the 
first lens has a curve of its fac6 opposed to ttie second Ions which is equal 
to 217.77 mm, and the external face of the second lens and the dispersing 
system are 271.1 mm apart, 

- the reflecting system Is plans, 

%5 - the dispersing system, on one hand, and the reflecting g/stem 

and the doublet, on the other h^iand, ^rs assembled by means of a matenal 
with low expansion coefRcienL 

Moreover^ the device is advantageously usod In near infrared, 
notably at 1 530 mm. 
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The invention will bo describod more in detail with reference to the 
appended figures on which : 

- Figure 1 is a first embodiment of the invention impfementing a 
spherical mirror; 

5 - f-igure 2 represents a secorxl embodiment of the invention; 

- J=igure 3 represents a third emijodiment; 

- i-igure 4 represents a fourth embodiment. 

The Figuraa representing the optrcal oomfXHients of the device of 
the invention, Independentiy frofif> the mechanical stiuctures which carry 
10 them and see to thetr respective positioning. Ttiess inechaniual structures 
can take on numerous forms and are access fl^le to the man of the art 

The present description has been prepared with reference to the 
ussge of optical fibers as input and output means of the muitrplexer- 
demultiplexer It is wgII known that there are Gmitting components (diodes 
15 or diode bars) and receiving eompononls (CCDs or CCD bars) who^e 
charaolerfstics maks them compalibie with tine fibers. In certain 
applications, such components can replace the input or output fibers of 
the multiplexer-demultiplexer of the irtvontion and be placed instead of the 
extremitlo8 of the said fibers. Such components are therefore equivalent 
20 to the fibers in the definltFon of the invention, 

Thi3 multiplexer comprises Input and output fibers 1. il Is 
represented on Figure 1 with one input fiber 3 and two output fibers 3, 4, 
These fibei s are interlocked with a fiber-hotder 5. 

A dispersing element 6, here a networl^. is carried by a networic 
25 bracket /. The fiber-holder 3 and the network bracket / aro in contact via 
an Interface 8. 

The mirror 9 reflects the radiatrons it rscefves, il Is interoDnnected 
to a doublet, consisting of two elements 10 and 11 associated by an 
interface. 12. The dispersfng elGmeril 6 comprises a translucent central 
3D zone 13 and a diffracting peripheral zone 1 4. 
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Thus, the incoming light flux produrad by th© mput optical fiber 2, 
after refraction by the diopter 8, afid on th^* centraf zone 13 of the 
drffracting element 6. and after refraction by the doublet 10, 11, is 
reflected by the mirror 9 towards the peripheral zone 14 of the diffracting 
5 elsmont 6. it rs diffracted by this diffracting 6, whi^roas this diffraction 
depsnds an th« wavelength of the flux under consideration. 

The diffracted fluxas are again reflGcted by the mirror 9 snd, 
according to their wavelengths, coupled to the output fibers 3, 4. 

The curve radii and indices of the doublet 10, 11 are determined so 
10 that the latter may coired the geometrical and chromatic aberrations of 
tha assembly. 

The space 15 between the diffracting elegant 6 and tho first 
diopter 1 G of tho reflecting doublet is occupied by air or gas or vacuum. 

The properties of the reflecting achromatic doublet are preferably 
15 as follows : 

The first element 1 1 canrying the roflecting mirror 9 consists of s 
glass known under tho lefarence BaF52, Its center thickness Is 7,66 mm, 
the curve of its face carrying the mirror is 401.56 mm and the curve of its 
second face is 74B.90 mm. 

20 The SGCond alement 10 of this doublet consists of a glass known 

under the rafersnce PSK3, the curve of Its 5t*cond face is 21 7,77 mm, the 
distance between the interface 13 and the reflecting miiror rs 271.6 mm. 
The materia! of the element 7 carrying the network is silica. The distance 
of the face IB to the extremity of the fiber-holder is 31.19 mm. 

23 In this embodiment according to Figure 1, tho moan distance 

between the Interfaces 13 and 8 Is 22 mm and the distance between 13 
and tho reflecting mirror is 271.1 mm. 

Assembly of both siA-assemblies, the one carrying the network 
and thai carrying frie reflecting dgublet, te performed using a tube of sifica 
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or of any other materist with low expansion eoefficisnt on which resl frie 
faces 6 and 16. 

The olh3r embodifnents will bs described with reference to the 
Piguras 2, 3 and 4 on which the elements, unchanged with respoct to tho 
5 first embodimGnt described abovo, fiave the same references. 

In the second embodiment represonted on Figure 2. tho engraved 
face 6 of the notwork is protected by m plane blade with parallel faces 17, 
^t the center of which ie placed a ^mall prism IB In contact by its infernal 
face with fna bfade 17 and whose external face 19 Is more or less 
10 perpondicular to the optica! axis 20. 

Thus, the light emitted from the fibers is not deviated, i.e. that each 
of the input fibers emits a divorging beam centered on the axis 20 and 
hence, onto the doublet 1 0, 11 

Thue, optimum and symrmtrical uso of the multiplexer- 
is damultlplaxsr can be obtained, 

According to the third embodirneril represented on Frgure 3, ttia 
dispersing element 6 exhibits, In Its central part, an aperture 21 which, 
also, prevents the deviation of the beams emitted by the input fibm^s and 
hencs enable optimum use of the multiplexer-domultiplexor. Indeed, the 
20 diopta' 8. in contact with the middle 16 in the C3ntral zone, at the aperture 
21, is perpendicular to the opticaf axis 20. 

In the fourth embodiment iflustrated on Figuro 4, the network is 
protected ty a blade 17, at the center of which lies an element 22 one 
face of which being ifi contact with the blade 17 and the other exhibiting a 
spherical diopter 23 centered on the optical axis 20 of the system. 

The curve of tha spherical surface 23 is such that the plane of the 
extremities of the fibers is located in the vicinity of one of the Young 
points {^so called the Wolerstrass points) of tfii§ diopter 22. 
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Advantageously, in these differont ©mbodimontes, the plane of the 
input fibers is located in the vfcinity of one of the Young points (or the 
Wcsierstrass points) of the Input diopter 1 S of fha doublet 10, i 1 . 

For a spherical diopfor if curve radius R whose apex is S 
5 (intersection point of the opiical axis with the diopter), separating the 
index middles respectively n^ and nj, the Young points (or the Worerstrass 
points) are the poinls located on the opticel -axis at distance rt^speclively 
R ni/n2 and R nz/ni from the apex It is well known that, for such points, 
the diopter under consideration does not produce any aberrations, it is 
10 stigmaftc and ^lanstic, at the same time. 

When we specify that iho plane of the fibers lios in the vidnity of 
one of the Young points, we mean tftat in the calculation of the optrcal 
combination produced in order to minimize the op^rations^ the successive 
approximations will bo made starting ffoin a paint locatHd in the vlanlly of 
15 one of the Young points. The conclusion of the caloulatton can lead to a 
slightly different position. 

Thus, in the embodiment specified above^ the glass referred to as 
PSK3 having an index n1 = I53f367 and the surface having an index 1 for 
a radius R = 217,117 mm, we obtain a Weierstrass point at the distance d 
>.o from the apex equa! to 335.0/ mm In practice, we obtain a system with 
minimized abenratlons for tho fibars positioned at an optical distance 
ecpj^l to rum. 
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4. ^}rief Description of Drawings 

Figure 1 is a first embodiment of tlie invention Implemonttng a 
spherical mirror. 

Figure 2 represents a sacond embodiment of llie invention. 
Figure 3 represents a third embodiment. 
Figure 4 represents a fourth embodiment. 

6 ""dispersing system 
9 — reflecting systen 
10-12 —optical doublDi 
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1 . Abstract 

The presont invention relates to an optlcai fiber waveiength 
multiplexer demultiplexer or routor comprising a dispersing system (6) and 
a reflecting system (9) having a focus, whereas the extremities of the 
input (2) and output (3) fibers are located in the vicinity of the said focus, 

It comprises an optical doublet (10-12) correcting the geometrical 
and chromatic aberrations of the assembly. 



2. R Gpresentati ve Drawing 
Figure 2 



